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,QWHUQDWLRQDO&RQIHUHQFHRQ$JULFXOWXUDODQG1DWXUDO5HVRXUFHV(QJLQHHULQJ
6HOHFWLYH([WUDFWLRQRI/DUDELQRVHIURP%DJDVVH3LWKZLWK+RW
:DWHU+\GURO\VLV
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
$EVWUDFW
%DJDVVH SLWK ZDV WUHDWHG ZLWK KRW ZDWHU LQ WKLV VWXG\ /DUDELQRVH ZDV VHOHFWLYHO\ K\GURO\]HG IURP EDJDVVH SLWK E\
FRQWUROOLQJ K\GURO\VLV WHPSHUDWXUHZKLFKZDV IDYRUDEOH IRU WKH H[WUDFWLRQ RI WKH/DUDELQRVH 7KH HIIHFWV RI GLIIHUHQW
WHPSHUDWXUHKROGLQJWLPHDQGOLTXRUUDWLRRQWKHFRQFHQWUDWLRQRI/DUDELQRVH[\ORVHDQGJOXFRVHRIWKHK\GURO\]DWHZHUH
GLVFXVVHG 4XDQWLWDWLYH DQDO\VLV RI /DUDELQRVH [\ORVH DQG JOXFRVH ZDV GHWHFWHG E\ +3/& 7KH UHVXOWV VKRZHG WKDW
WHPSHUDWXUH ZDV WKHPRVW LPSRUWDQW IDFWRU ZKLFK DIIHFWHG WKH FRPSRVLWLRQ RI K\GURO\]DWH /DUDELQRVH ZDV GLVWLQFWO\
H[WUDFWHG ZKLOH [\ORVH DQG JOXFRVHZHUH KDUGO\ GHWHFWHG DW ORZHU WHPSHUDWXUH  :KHQ WKH WHPSHUDWXUHZDV
KLJKHUWKDQ PRUH[\ORVHZDVH[WUDFWHGWKDQ/DUDELQRVHDQGJOXFRVH$ORZHUWHPSHUDWXUHDQGDORQJHUKROGLQJ
WLPHZHUHIDYRUDEOHIRUH[WUDFWLRQRI/DUDELQRVHDQGQRPHDVXUDEOHTXDQWLWLHVRI[\ORVHDQGJOXFRVHZHUHSURGXFHG7KH
\LHOGRI/DUDELQRVHUHDFKHGXQGHUWKHRSWLPDOFRQGLWLRQVRIWHPSHUDWXUH KROGLQJWLPHKOLTXRUUDWLR
ZLWK[\ORVHDQGJOXFRVHXQGHWHFWHG

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV/DUDELQRVH6HOHFWLYHK\GURO\VLV%DJDVVHSLWK([WUDFWLRQ
,QWURGXFWLRQ
/DUDELQRVH LV D NLQGRI UDUH VXJDUZKLFK FDQ VLJQLILFDQWO\ ORZHUEORRG VXJDU SURPRWH WKHJURZWK DQG
 
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SUROLIHUDWLRQ RI ELILGREDFWHULXP LQ YLYR FRPE VNHOHWDOPXVFOH DQG DOOHYLDWH KXPDQ IDWLJXH ,W FDQ DOVR EH
XVHG DV SKDUPDFHXWLFDO LQWHUPHGLDWHV IRU WKH V\QWKHVLV RI DQWL$,'6 DQWLYLUXV DQWLFDQFHU GUXJV DQG KDV
YHU\ SHFXOLDU SK\VLRORJLFDO IXQFWLRQV +RZHYHU OLPLWHG E\ LWV SURGXFWLRQ PHWKRG /DUDELQRVH LQ SUHVHQW
LQWHUQDWLRQDOPDUNHWLVYHU\H[SHQVLYHZKLFKOLPLWHGLWVDSSOLFDWLRQDQGSRSXODULW\LQWKHIRRGDQGPHGLFDO
LQGXVWU\>@
5HFHQWO\ WKH /DUDELQRVH KDV EHHQ JHQHUDOO\ H[WUDFWHG E\ WKHPHWKRG RI K\GURO\VLV ZLWK GLOXWH DFLG RU
GLOXWH DONDOL $OWKRXJK WKH \LHOG ZDV UHODWLYHO\ KLJK LW ZDV GLIILFXOW WR VHSDUDWH /DUDELQRVH IURP RWKHU
PRQRVDFFKDULGHV LQ WKH K\GURO\]DWH %HFDXVH WKH /DUDELQRVH LV WKH LVRPHULFFRPSRXQGRI[\ORVH WKH
VHSDUDWLRQ RI WKH WZR LVRPHUV LV GLIILFXOW E\ XVLQJ  JHQHUDO SK\VLFDO VXFK DV WKURXJK WKH FROXPQ RU LRQ
H[FKDQJH UHVLQ FKHPLFDO VXFK DV DOFRKRO SUHFLSLWDWLRQ RU ELRORJLFDO PLFURELDO IHUPHQWDWLRQ SURFHVV
ZKLFKDOVRFRVWDORW
$V WKH UHVLGXDO RI EDJDVVH EDJDVVH SLWK ZKRVH VWUXFWXUH LV VLPLODU WR EDJDVVH LV XVHG IRU SXOSLQJ DQG
SDSHUPDNLQJLWVKHPLFHOOXORVHLVPDLQO\PDGHXSRI/DUDELQRVHJURXSJOXFXURQLFDFLGJURXS[\ODQDVHDQG
R[\JHQDFHW\O2PHWK\OJOXFXURQLFDFLGJURXS[\ODQWKHW\SLFDOFKHPLFDOVWUXFWXUHRIWKHPDLQFKDLQLV
IRUPHGE\WKHJURXSRI'[\ORVHWKURXJKȕJO\FRVLGHERQGLQJWKH&DQG&RIWKH[\ORV\ODVVRFLDWHG
ZLWK / IXUDQ DUDELQRVH JURXS DQG'S\UDQ JOXFXURQLF DFLG JURXS DV WKH EUDQFKHG FKDLQ UHVSHFWLYHO\>@
8QGHU WKHKLJK WHPSHUDWXUH WKHGHDFHW\ODWLRQRI WKH[\ODQKDSSHQV DQG IRUPV DFHWLF DFLGZKLFK OHDGV WKH
UHGXFWLRQRI WKH V\VWHPS+$IWHU WKHS+RI WKH V\VWHP UHGXFHV ORQJFKDLQ[\ODQ LV K\GURO\]HGXQGHU WKH
DFLGLFS+WRDQGKLJKWHPSHUDWXUHFRQGLWLRQV;\ODQIUHHVIURPWKHRWKHUEDJDVVHILEHUFRPSRQHQW
DQGWKHGHJUHHRIWKHSRO\PHUL]DWLRQGHFUHDVHVZKLFKPDNHVLWVVROXELOLW\LQFUHDVHV>@:KLOHWKHDFWLYDWLRQ
HQHUJ\WKDWLVUHTXLUHGIRUWKHEUHDNDJHRIJO\FRVLGHERQGZLWKVLGHFKDLQ/DUDELQRVHLVORZHU/DUDELQRVHLV
PRUHHDVLO\HOXWHGIURPWKHPDLQFKDLQ[\ODQLQWKHK\GURO\VLVSURFHVV
%DVHGRQ/DUDELQRVHPRUHHDVLO\K\GURO\VDEOH WKDQ[\ORVH WKHH[SHULPHQWRIEDJDVVHSLWK WUHDWHGZLWK
KRWZDWHUZDVFDUULHGRXWVRWKDWWKH/DUDELQRVHVHOHFWLYHO\K\GURO\]HGIURPEDJDVVHSLWKDQGGLVVROYHGLQ
KRW ZDWHU ZKLOH WKH RWKHU PRQRVDFFKDULGHV ZHUH UHWDLQHG LQ WKH VWRFN :DWHUXVHGDV WKH VROYHQW LQWKH
UHDFWLRQV\VWHPWKHSURFHVVZKLFKZDVPLOGFOHDQQRQSROOXWLQJZDVPRUHVXLWDEOHIRUWKHPDQXIDFWXUHRI
IRRGJUDGHIXQFWLRQDOSURGXFWV
([SHULPHQW
0DWHULDOVDQGH[SHULPHQWV
%DJDVVHSLWKZKLFKZDVWDNHQIURP'DTLDRWKHEUDQFKRI*XDQJ[L<RQJNDL6XJDU	3DSHU*URXS&R/WG
ZDVDLUGULHGDQGVWRUHGIRUODWHUXVH
1-.5  $LU %DWK'LJHVWHUPDQXIDFWXUHG E\ 7DL]KRX&LW\ 6WDUWXSV (QYLURQPHQWDO (QJLQHHULQJ&R
/WG$JLOHQW+LJK3HUIRUPDQFH /LTXLG&KURPDWRJUDSK\ZLWK*$5,'HWHFWRU+3/& FROXPQ RI
9DULDQ+L3OH[3EPPȝPILOOHGZLWKFURVVOLQNHGFDWLRQH[FKDQJHUHVLQDFFRPSDQLHGZLWK
JXDUGFROXPQRI+L3OH[3EPPȝPZHUHPDQXIDFWXUHGE\$JLOHQW7HFKQRORJLHV
7KHFKURPDWRJUDSKLFFRQGLWLRQVRI+3/&ZHUHDVIROORZV
(OXHQW:DWHU
)ORZUDWHP/PLQ
7HPSHUDWXUH 
,QMHFWLRQYROXPHP/
'HWHFWLRQ$JLOHQW*$5,'
([SHULPHQWDO0HWKRGV
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$LUGULHGEDJDVVHSLWKFRUUHVSRQGLQJWRJRYHQGU\PDWWHUZDVPL[HGXQLIRUPO\ZLWKDFHUWDLQDPRXQWRI
GLVWLOOHG ZDWHU DQG WKHQ FRRNHGZLWK GLIIHUHQWPD[LPXP WHPSHUDWXUH DQG KROGLQJ WLPH$IWHU FRROLQJ WKH
GLJHVWHUWRURRPWHPSHUDWXUHWKHK\GURO\VDWHZDVVHSDUDWHGIURPK\GURO\]HGPDWHULDODQGWKHQILOWHUHG7KH
ILOWUDWH ZDV FHQWULIXJHG IRU PLQ DW WKH UHYROXWLRQ QXPEHU RI UPLQ 7KH VXSHUQDWDQW ZDV ILOWHUHG
WKURXJKȝPILOWHUPHPEUDQHDQGWKHQGHWHFWHGWKHFRQFHQWUDWLRQRI/DUDELQRVH[\ORVHDQGJOXFRVHLQWKH
ILOWUDWHE\+3/&
+\GURO\VLVWHPSHUDWXUHKROGLQJWLPHDQGOLTXRUUDWLRZHUHWKHPDMRUIDFWRUVWKDWDIIHFW WKHK\GURO\VLVRI
ELRPDVV7KHHIIHFWVRIDERYHSDUDPHWHUVRQEDJDVVHSLWKK\GURO\VLVZHUHLQYHVWLJDWHGLQWKLVSDSHU
5HVXOWVDQGGLVFXVVLRQ
7KHHIIHFWRIOLTXRUWREDJDVVHSLWKUDWLR
8QGHUWKHFRQGLWLRQVRIK\GURO\VLVWHPSHUDWXUH&WKHKROGLQJWLPHKWKHHIIHFWVRIGLIIHUHQWOLTXRU
UDWLRRQ WKH+\GURO\VLV3URFHVVRIEDJDVVHSLWKZHUHVKRZQLQ)LJXUH$VFDQEHVHHQIURP)LJXUH WKH
\LHOGVRI/DUDELQRVH[\ORVHDQGJOXFRVHLQFUHDVHGILUVWO\DQGWKHQGHFUHDVHGZLWKWKHLQFUHDVHRIWKHDPRXQW
RIK\GURO\]DWH7KHUHIRUHWKHOLTXLGWREDJDVVHSLWKUDWLRRIZDVFKRVHQ7KLVOLTXRUWREDJDVVHSLWKUDWLR
ZDVDOVREHWWHUIRUWKHVXIILFLHQWLPSUHJQDWLRQDQGPL[WXUHRIEDJDVVHSLWKZLWKZDWHU
7KHHIIHFWRIPD[LPXPK\GURO\VLVWHPSHUDWXUH
8QGHU WKHK\GURO\VLV FRQGLWLRQVRI OLTXLG WREDJDVVHSLWK UDWLR DQGKROGLQJ WLPHK WKH HIIHFWV RI
PD[LPXPK\GURO\VLVWHPSHUDWXUHRQWKHK\GURO\VLVSURFHVVRIEDJDVVHSLWKZDVVKRZQLQ)LJXUH
 
)LJXUH7KHHIIHFWVRIOLTXRUWREDJDVVHSLWKUDWLR)LJXUH7KHHIIHFWVRIPD[LPXPK\GURO\VLVWHPSHUDWXUH
ŽŶƚŚĞŚǇĚƌŽůǇƐŝƐŽĨďĂŐĂƐƐĞƉŝƚŚŽŶƚŚĞŚǇĚƌŽůǇƐŝƐŽĨďĂŐĂƐƐĞƉŝƚŚ
$VFDQEH VHHQ IURP)LJXUH  DW WKHPD[LPXPK\GURO\VLV WHPSHUDWXUHRI  /DUDELQRVHKDVEHHQ
K\GURO\]HGSDUWO\DQGWKH[\ORVHDQGJOXFRVHZHUHQRWGHWHFWHG7KLVLVPDLQO\EHFDXVHWKDW/DUDELQRVHLVRQ
WKHVLGHFKDLQWKHDFWLYDWLRQHQHUJ\WKDWLVUHTXLUHGIRUWKHEUHDNDJHRIJO\FRVLGHERQGLVORZHUDQGLWLVPRUH
HDVLO\HOXWHGLQWKHK\GURO\VLVSURFHVV:LWKWKHLQFUHDVHRIWHPSHUDWXUHWKH\LHOGVRIWKUHHPRQRVDFFKDULGHV
DOO LQFUHDVHG JUDGXDOO\ RI ZKLFK /DUDELQRVH DQG [\ORVH LQFUHDVHG ODUJHO\ EXW QR VLJQLILFDQW LQFUHDVH RI
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JOXFRVH ZDV IRXQG :KHQ WKH PD[LPXP K\GURO\VLV WHPSHUDWXUH ZDV ORZHU WKDQ   WKH \LHOG RI /
DUDELQRVH ZDVPRUH WKDQ WKDW RI [\ORVH DQG JOXFRVH 7KH \LHOGV RI DOO WKUHHPRQRVDFFKDULGHV UHDFKHG WKH
PD[LPXP DW   DQG WKH \LHOG RI [\ORVH ZDV JUHDWHU WKDQ WKDW RI /DUDELQRVH DQG JOXFRVH:KHQ WKH
WHPSHUDWXUHLQFUHDVHGFRQWLQXRXVO\WR WKH\LHOGVRIDOO WKUHHPRQRVDFFKDULGHVGHFUHDVHGZKLFKPD\
EHGXH WR WKHIXUWKHUGHJUDGDWLRQRI WKUHHPRQRVDFFKDULGHVXQGHU WKHFRQGLWLRQRIDFLGLFKLJK WHPSHUDWXUH
ZKLFKJHQHUDWHGIXUIXUDOSHQWRVHDQGK\GUR[\PHWK\OIXUIXUDOKH[RVH
7KH SXUSRVH RI WKLV VWXG\ LV WR ILQG WKH SURSHU FRQGLWLRQV XQGHU ZKLFK /DUDELQRVH FRXOG EH H[WUDFWHG
PD[LPDOO\ZKLOH WKH \LHOGRI RWKHUPRQRVDFFKDULGHVZDV ORZHVW VR WKDW  WKH H[SHULPHQWVZDV FDUULHGRXW
XQGHUWKHWHPSHUDWXUHRI RUHYHQORZHUWRLQYHVWLJDWHWKHHIIHFWVRIKROGLQJWLPHRQWKHH[WUDFWLRQRI/
DUDELQRVHIURPEDJDVVHSLWKE\ZDWHUVHOHFWLYHK\GURO\VLVSURFHVVXQGHUORZWHPSHUDWXUHFRQGLWLRQV
7KHVHOHFWLRQRIKROGLQJWLPH
7KHHIIHFWVRIGLIIHUHQWKROGLQJWLPHRQWKHK\GURO\VLVRIEDJDVVHSLWKXQGHUWKHFRQGLWLRQVRIOLTXRUUDWLR
RIWHPSHUDWXUHRI ZDVVKRZQLQ)LJXUH$VFDQEHVHHQIURP)LJXUHZKHQWKHKROGLQJWLPH
ZDV VKRUWHU WKDQK WKH\LHOGRI/DUDELQRVH LQFUHDVHGVKDUSO\ZLWKKROGLQJ WLPH ZKHQ WKHKROGLQJ WLPH
H[FHHGHG K WKH \LHOG RI /DUDELQRVH LQFUHDVHG RU GHFUHDVHG VOLJKWO\ ZLWKWKHSURORQJLQJRI KROGLQJWLPH
ZKLOH WKH\LHOGVRI[\ORVHDQGJOXFRVH LQ WKHK\GURO\]DWHKDYHEHHQNHSW LQFUHDVLQJ7KHUHIRUHH[FHVVLYHO\
SURORQJHG KROGLQJ WLPHZDV QRW KHOSIXO:KHQ WKH KROGLQJ WLPHZDV K WKH \LHOG RI /DUDELQRVH UHDFKHG
DQG[\ORVHDQGJOXFRVHZHUHQRWGHWHFWHG
%DVHGRQWKHDERYHH[SHULPHQWDOUHVXOWVK\GURO\VLVH[SHULPHQWVXQGHUHYHQORZHUWHPSHUDWXUHDW 
DQGORQJHUKROGLQJWLPHZHUHFDUULHGRXWDQGWKHUHVXOWVZHUHVKRZHGLQ)LJXUH
 
)LJXUH7KHHIIHFWVRIKROGLQJWLPHRQWKHK\GURO\VLV)LJXUH7KHHIIHFWVRIKROGLQJWLPHRQWKHK\GURO\VLV
RIEDJDVVHSLWKDW RIEDJDVVHSLWKDW 
)URP)LJXUHZKHQWKHKROGLQJWLPHZDVH[WHQGHGWRKWKH\LHOGRI/DUDELQRVHZDVXSWRDQG
[\ORVHDQGJOXFRVHZDVQRWGHWHFWHGZKHQWKHKROGLQJWLPHFRQWLQXHWRH[WHQGWKH\LHOGRI/DUDELQRVHGLG
QRWFRQWLQXHWRLQFUHDVHDQG[\ORVHDQGJOXFRVHVWDUWHGWREHH[WUDFWHG&RPELQDWLRQRI)LJXUHDQG)LJXUH
WKH RSWLPDO FRQGLWLRQV RI WKH K\GURO\VLV RI EDJDVVH SLWK IRU H[WUDFWLQJ /DUDELQRVH ZHUH DV IROORZV WKH
PD[LPXPWHPSHUDWXUHRI WKHKROGLQJWLPHRIK
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&RQFOXVLRQV
+\GURO\VLV WHPSHUDWXUH ZDVIRXQGWR EHWKHJUHDWHVWLQIOXHQWLDOIDFWRURQ WKH FRPSRVLWLRQ RI WKH
PRQRVDFFKDULGHV LQ WKH K\GURO\]DWHZKLFK ZDV IROORZHG E\ WKH KROGLQJ WLPH /DUDELQRVH ZDV PDUNHGO\
H[WUDFWHGZKLOH[\ORVHDQGJOXFRVHZHUHKDUGO\GHWHFWHGDWORZHUWHPSHUDWXUH  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